Access to potent and tolerable combination antiretroviral therapy (cART) has positively changed the health outlook for people living with HIV. However, despite effective treatment, there is increasing awareness of mild forms of neurocognitive impairment (NCI) affecting relatively young individuals living with HIV ([@R15]). Determining whether cognitive impairment is attributable to the virus, to other aspects of treatment, and/or to comorbidities such as cardiovascular diseases is important for persons living with HIV (PLWH) and health care providers.

Neurocognitive complications of HIV infection were recognized by clinicians as early as 1986 when PLWH in the late stages of HIV infection presented with dementia-like symptoms ([@R30]). Postmortem brain studies conducted in that era indicated that harmful pathology was likely driven directly by viral proteins and neurochemically by secreted neurotoxins and other cellular products ([@R14]; [@R30]). Later, it was recognized that the virus could persist in CD4+T cells, macrophages, and astrocytes, even in the context of apparently effective cART introduced in the mid-1990s, creating a reservoir of "latent" infection ([@R10]; [@R31]). Subsequently, concerns arose that antiretroviral penetration of the brain was possibly limited and varied between drug classes. A ranking of antiretroviral drugs, according to their capacity to cross the blood brain barrier and penetrate the central nervous system (CNS), was suggested to optimize the efficacy of combined regimens, and this ranking became known as the CNS penetration effect (CPE) score ([@R8]; [@R23]). However, some controversy continues as to whether neuronal damage occurs as a result of antiretroviral toxicity. Other researchers have reported that NCI can be associated with low CD4+T cell counts, cardiovascular diseases, metabolic disorders, and substance use ([@R1]; [@R31]; [@R34]). Current cART is optimized to take into consideration the capacity of the virus to establish latent reservoirs in the brain.

Relevant for diagnosis and management of HIV-associated neurocognitive disorders are the potential confounding influences presented by the complex social and psychological dimensions of living with HIV, which can have a detrimental effect on health-related quality of life (HRQL), activities of daily living, mood and behavior, stable employment, and interpersonal relationships ([@R34]). Importantly, NCI may particularly impact medication adherence, the keystone of effective viral suppression, as well as safe dosing ([@R21]). Nurses, frontline clinicians caring for people living with chronic HIV, are well placed to implement screening that can detect early, and potentially fluctuating, neurocognitive deficits. Interventions to optimize brain health and quality of life can then be implemented. However, nurses need clear guidance concerning valid assessment tools that can be feasibly incorporated into routine care ([@R31]).

The reported prevalence of HIV-associated NCI varies between studies with rates varying between 15% and 50% among PLWH ([@R30]). However, severe forms of HIV-associated NCI are uncommon in the context of effective cART ([@R15]; [@R34]). Clinically, a subcortical profile of NCI is characterized by mental slowness and deficits in attention, memory, and executive functioning. These symptoms may be accompanied by impairment of fine motor skills, but in mild cases symptoms may not be apparent ([@R3]; [@R17]).

In a busy practice environment, health care providers require brief, validated, and discriminating screening tools to support clinical decision making. However, expertise in their administration and interpretation may be lacking ([@R4]; [@R31]). A number of screening tools to assess NCI have been proposed ([@R36]), including the CogState ([@R2]) and the Montreal Cognitive Assessment (MoCA; [@R13]). The [@R12] provides comprehensive guidelines for HIV management and recommends an initial screening for NCI that is comprised of three questions pertaining to memory, reasoning, and attention. Responses to these questions initiate a cascade of decision making, beginning with an assessment of depression/anxiety as a possible underlying cause, prior to undertaking any further assessment of cognitive function.

Consideration of these guidelines underpinned this study, which sought to identify individuals with early cognitive changes in an aging cohort of PLWH attending a community-based specialist HIV clinic, staffed by a nurse and an infectious disease physician. We aimed to (a) assess the utility of the three-item cognitive concerns questionnaire (CCQ), as recommended by the European AIDS Clinical Society, alongside the MoCA, a brief screening instrument for mild cognitive impairment that had been used in geriatric populations ([@R27]); (b) determine indicators of early NCI; and (c) assess the relationship between psychological distress, impaired cognitive performance, and HRQL. We considered that, from a clinical perspective, these assessments would be helpful in establishing baseline parameters against which we could monitor future changes in the individual patient.

Methods {#s1}
=======

Participants {#s1-1}
------------

Fifty-eight adult PLWH attending the clinic at the Institute for Immunology and Infectious Diseases at Murdoch University (Perth, Australia) for management of chronic HIV infection were recruited for participation in the study, which ran from September 2015 to December 2016. This convenience sample comprised more than 90% of clinic attendees visiting at 4-month intervals and who received a nurse consultation prior to seeing their HIV physician. During these consultations, adherence to medication, psychosocial issues, diet, and lifestyle were discussed; and blood pressure, weight, and records concerning comorbid medical conditions were updated. At this time, patients were offered the study information, which they took home to consider, and subsequently gave consent to participate in writing. At subsequent visits, participants were asked to complete a set of four validated instruments assessing neurocognition, mood (depression, anxiety, and stress), and HRQL prior to clinic consultations. Three of the instruments were self-report questionnaires and were completed independently by the participants, and the fourth, the MoCA, was administered by nurses or postgraduate clinical psychology students who were trained to conduct the data collection. The study was approved by the Murdoch University Human Research Ethics Committee (Reference ID: 2015-112).

Measurement {#s1-2}
-----------

### Three-item cognitive concerns questionnaire {#s1-2-1}

The three-item questionnaire recommended in the [@R12] for use as an initial screen for neurocognitive deficits in HIV infection was derived from the HIV Dementia Scale ([@R28]). For the purposes of clarity in this study, we refer to this screen as the cognitive concerns questionnaire or the CCQ. The three questions are as follows: (a) Do you experience frequent memory loss (e.g., do you forget the occurrence of special events, even the more recent ones, appointments, etc.?). (b) Do you feel you are slower when reasoning, planning activities, or solving problems? (c) Do you have difficulties paying attention (e.g., to a conversation, a book, a movie)? The questions are designed to elicit cognitive complaints with respondents indicating the presence and frequency of such difficulties. An answer is considered "actionable" when the response is *yes, definitely* to at least one question. In addition to this clinic-based assessment of the need for further follow-up, we calculated the sum of the three responses to the three-item questionnaire as: 0 if *never,* one if *sometimes*, and two if *yes, definitely* to obtain a score ranging from 0 to 6 for the frequency of cognitive concerns as expressed at that visit.

### The Montreal Cognitive Assessment {#s1-2-2}

The MoCA ([@R27]) is a brief screen used in varied clinical contexts, including HIV infection, to assess cognitive domains, including attention, memory, conceptual thinking, and orientation. The test is brief and takes about 10--12 min to complete. The test taker is asked to complete a series of tasks that assess short-term memory, visuospatial ability, abstract reasoning, concentration, and language abilities. Each of these tasks is scored separately, and the maximum possible total is 30/30 points with scores 26 and above indicating better cognitive functioning. Accordingly, consistent with the scoring guide for the instrument and its use by other researchers, we considered a score of less than 26 as being "actionable" and suggestive of a degree of cognitive impairment. Staff were trained to administer the MoCA, and alternative versions of the validated instrument containing slightly modified content, for example the choice of words in a five-word delayed recall, but measuring the same domains, were used at each visit. This was done to minimize the likelihood of the test result being affected by the participants\' previous use of the instrument.

### The Depression Anxiety Stress Scales {#s1-2-3}

The Depression Anxiety Stress Scales (DASS) ([@R24]) is a self-report instrument to assess psychological distress across the domains of depression, anxiety, and stress. Scores are calculated across domains, with higher scores indicating higher levels of distress. The questionnaire can be completed in a 42- or 21-item format over 5--10 min. A four-point response scale rates severity and frequency. The scores ranged from 0, meaning that the patient believed the item "*did not apply to them at all,*" to 3, meaning that the respondent considered the item to "*apply to them very much, or most of the time.*" Domain scores are categorized by general population percentiles (normal: \<78th percentile, mild: 78th--87th percentile, moderate: 87th--95th, severe: 95th--98th, extremely severe: \>98th), with scores above the 78th percentile considered to be clinically significant. For the analysis here, we utilized *z*-scores as normalized by insertion of appropriate general population domain parameters ([@R7]) into the formula: *z*-score = (raw score − domain mean)/(domain standard deviation \[*SD*\]).

### The Patient-Reported Outcomes & Health-Related Quality of Life instrument specific for HIV {#s1-2-4}

The PROQOL-HIV ([@R11]) is a self-report questionnaire used to assess the HRQL of people living with HIV. It reflects people\'s perceptions over the previous 2 weeks, and a five-point scale rates either frequency or level of agreement. There is one global health self-report item and a further 32 questions reflecting three global dimensions: physical health, psychological health, and social health. The fourth dimension (10 items), encapsulating treatment impact, can be omitted without affecting the instrument\'s psychometric properties; thus, the instrument is equally valid for use by people not taking cART. The subscale scores are summed and expressed as a final score on a 0--100 scale with higher values indicating better HRQL.

### Central nervous system penetration effect {#s1-2-5}

The CNS penetration effect score for participants\' current cART was calculated for each visit. These scores were derived by summing assigned values of 1---*below average,* 2---*average,* 3---*above average,* and 4---*much above average* to each component antiretroviral drug according to the criteria established by [@R23].

Statistical Analysis {#s1-3}
--------------------

Positive indication of NCI was defined by the "actionability" of the screening measures: The CCQ was deemed actionable when any of the three items had a response of *yes, definitely,* while the MoCA was deemed actionable for a score less than 26. The proportion of positive agreement between responses to the CCQ and MoCA screening tools was calculated as stated in, for example, [@R32]: (2 × number both screens actionable)/(number of CCQ actionable + number MoCA actionable). Actionability of screening responses at study entry according to demographics, and the baseline clinical and psychological characteristics of participants were assessed by Fisher\'s exact test and analysis of variance as appropriate.

Mixed effect regression models, which can accommodate a varying number of visits per person, were utilized for longitudinal analyses of the screening assessments, the MoCA and cognitive concerns frequency scores, and associations with measures of psychological distress. The models assumed individual measures fluctuate from visit to visit about patient-average values, which may in turn vary around group means or trend over time, or according to other covariate values. Assessment of bivariate associations with HRQL was based on Pearson correlation coefficients, calculated from the respective individual mean measures. *p* Values ≤.05 were considered statistically significant.

Baseline actionability comparisons and regression analyses included consideration of the impact of demographic characteristics (age, sex, race), psychological characteristics (diagnosed depression, DASS scores), and baseline clinical measures (years since diagnosis and treatment start date, CD4+T cell measures, CPE score). In a reflection of changing cohort prescribing practices over the years, era of treatment initiation was also considered in analyses, as defined by the calendar periods of 1990--1996 (pre-cART), 1997--2001 (early cART), and 2002--2014 (later cART).

Results {#s2}
=======

Data that included concurrent responses to the NCI screening tools and the DASS and PROQOL questionnaires were obtained from 58 individuals (87% male) over 1--3 visits per person (*M* = 2), approximately 4 months apart to coincide with clinic visits. At baseline, patients had a mean (*SD*) age of 57 (9) years and time since diagnosis ranged from 2 to 32 (*M* = 19) years. All patients were receiving effective cART and had undetectable plasma viral loads. More females than males were non-Caucasian (6/9 = 67% vs. 9/49 = 18%, *p* = .006 Fisher\'s test). Prevalence of documented depression was similar between males and females (18% vs. 22%, *p* \> .9), and at the time of the study, none of the participants were diagnosed with dementia or any other neurological disorder.

Relative Frequency of Actionable Responses to the Montreal Cognitive Assessment and Cognitive Concerns Questionnaire {#s2-1}
--------------------------------------------------------------------------------------------------------------------

There was low overall agreement between the MoCA and CCQ as indicators of NCI, with the proportion of positive agreement in the contemporaneous screening assessments being approximately 25%. In particular, 54/115 (47%) of MoCA results, which ranged from 17 to 30, fell below the threshold of 26, as compared to the 25/115 (21.7%) of actionable responses to the CCQ. In all, while at least one below-threshold MoCA screen was observed in 63.8% (37/58) of study participants, and at least one actionable CCQ result in 32.8% (19/58) of participants, there were only 10 individuals (17.2%) in whom neurocognitive dysfunction was indicated by both screens. Furthermore, patient-average MoCA scores (*M* \[*SD*\] = 25.4 \[2.7\]) showed little correlation with the average CCQ frequency scores (*R* = 0.11).

Clinical and Demographic Indicators of Neurocognitive Impairment {#s2-2}
----------------------------------------------------------------

No baseline clinical and demographic variables showed a consistent association with positive outcomes across the two screening measures at study entry (Table [1](#T1){ref-type="table"}). Age was the strongest predictor of an actionable CCQ response (*p* = .03) but did not significantly differentiate the MoCA responses. However, older age particularly characterized those with concordant indication of NCI by both screens (both CCQ and MoCA positive at baseline: *n* = 7, M \[standard error\] age = 63.9 \[2.4\] years; neither screen positive: *n* = 20, 53.2 \[2.0\] years; *p* = .004). There was a strong association between the era of commencing therapy and likelihood of an actionable MoCA response at baseline (*p* = .002). In particular, a lower MoCA score at baseline was observed in those whose initial therapy was in the era of early cART (1997--2001) independently of age, time since diagnosis, or length of time on treatment (*p* \< .003, linear regression analyses). Notably, more than 75% of patients who had commenced initial treatment in the early cART era (1997--2001) scored below the MoCA threshold, a finding that did not appear to be driven by older age (Figure [1](#F1){ref-type="fig"}).

###### 

Actionability of Screening Responses at Study Entry According to Demographics and Baseline Clinical and Psychological Characteristics of Individuals
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![Comparison between the three-item CCQ and the MoCA as indicators of neurocognitive impairment according to era of first treatment and age category (data from baseline scores). CCQ = cognitive concerns questionnaire; MoCA = Montreal Cognitive Assessment.](jnc-30-42-g002){#F1}

In the longitudinal analysis, era of therapy initiation remained strongly associated with scoring on the MoCA (*p* = .005; estimated M \[standard error\] score 1990--1996: 26.4 \[0.6\], 1997--2001: 24.1 \[0.6\], 2002--2014: 25.8 \[0.5\]), but not frequency of cognitive concerns (*p* = .2). A below-threshold MoCA result was more prevalent in patients who commenced therapy in the earlier years of cART (1997--2001), irrespective of age, with patients starting treatment in this era significantly more likely to have an actionable response than those whose first antiretroviral therapy was pre-cART (odds ratio \[OR\] = 3.4, *p* = .04; age-adjusted: OR = 3.7, *p* = .03) or those who commenced treatment after 2001 (OR = 5.6, *p* = .003; age-adjusted: OR = 5.3, *p* = .003). For both screens, neither antiretroviral regimen nor any of the CD4+ measures were associated with odds of returning an actionable result, either with or without adjustment for age or treatment era, nor were there significant trends in time over the period considered.

Prevalence of Psychological Distress and Impact on Neurocognitive Impairment {#s2-3}
----------------------------------------------------------------------------

Psychological distress was notably prevalent in the cohort; observed rates of clinically significant symptoms of depression and anxiety, as profiled by responses to the DASS at study entry were 21% and 15%, respectively. Individuals with an actionable response to the three-item CCQ screening questions were more likely to report greater psychological distress, with higher scores in both the depression and anxiety domains compared with patients with nonactionable responses (*p* = .007 and *p* = .02, respectively). Of the CCQ-actionable responses at baseline, 7/18 (39%) and 4/18 (22%) coincided with DASS scores indicative of clinically significant depression and anxiety, respectively. In contrast to the CCQ, baseline indication of NCI by the MoCA did not associate with higher scores across any of the domains (*p* \> .5).

In longitudinal analyses, impact of psychological distress on performance in the CCQ screening test was particularly apparent in younger patients. Notably, increased anxiety and depressive symptomology were associated with having an actionable CCQ screen among patients with ages younger than 60 years (*p* = .004 and *p* = .01, respectively). The impact of mood on MoCA results was less marked; although average scores were moderately lower when patients reported increased anxiety levels (*p* = .04, adjusted for age and era of therapy initiation), there was no significant association between the MoCA scores and depressive symptomology (*p* \> .6).

Health-Related Quality of Life Correlations with Psychological Distress and Neurocognitive Impairment {#s2-4}
-----------------------------------------------------------------------------------------------------

Patient-average HRQL measures across physical health, psychological health, and social health domains were significantly correlated with the mean self-reported psychological distress scores as measured by the three DASS scales (*p* ≤ .0001). Overall HRQL, and particularly general psychological health, was notably reduced in patients reporting the most depressive symptoms (*R* = −0.81 and *R* = −0.76, respectively, *p* \< .0001). Increased frequency of self-reported cognitive concerns was also significantly associated with poorer HRQL (*p* = .002), correlating inversely with both the physical and social domains (*R* = −0.59, *p* \<. 0001, and *R* = −0.36, *p* = .005, respectively). This was in contrast to the MoCA results, which failed to show any significant relationship with HRQL measures.

Discussion {#s3}
==========

In this study, the three-item self-report questionnaire addressing patients\' cognitive concerns, which was recommended by the European AIDS Clinical Society as an initial assessment for HIV-associated NCI, showed poor concordance with performance on the MoCA. The discrepancy between the two screens calls into question the utility of the CCQ as a "procedural" step in the screening for NCI, at least its ability to discriminate early asymptomatic cognitive impairment. Of note, the CCQ indicated that about one third of patients may have subjective memory or other cognitive complaints, but these scores were more closely associated with depression/anxiety and HRQL. In contrast, about two thirds of the cohort had subthreshold (\<26) scores with the MoCA screen, a validated instrument for detecting asymptomatic NCI in patients ages 50--60 years ([@R13]), and these results were found to be largely independent of coexisting psychological factors. These findings suggest prevalent and largely asymptomatic NCI in our cohort, notably in patients who commenced therapy in the cART era defined by the years from 1997 to 2001.

The threshold chosen for the MoCA is consistent with the recommended application of the tool as a brief screen for mild cognitive impairment in a geriatric population ([@R27]) and has subsequently been used in the HIV context ([@R19]; [@R25]; [@R31]). This threshold could be considered conservative in comparison with the study of [@R13] in which a cutoff of ≤26 was used; however, the sensitivity observed in their study of 84.2% was balanced by a reduced specificity of 55.8%. Accordingly, while we may have missed some cases of early NCI by the use of the higher cutoff, it is less likely that NCI was incorrectly assigned due to a reduced specificity.

We acknowledge that the NCI observed in some participants cannot be attributed to HIV-related causes alone, because older participants had more consistent associations with both screens. However, it is noteworthy that patients who commenced therapy in the early cART era (1997--2001) were more likely to return an impaired MoCA score than those commencing drugs in pre-cART (prior to 1997) or later cART (after 2001) eras, and this association persisted even after adjusting for age. This finding is not altogether surprising. Although the incidence of HIV-associated dementia has fallen following the introduction of potent combinations, early studies found that neuropsychological deficits remained common, indicating an active and damaging intracerebral process ([@R9]; [@R15]; [@R29]). Later, studies of larger cohorts ([@R16]), defined by era of cART (1988--1995 vs. 2000--2007) and disease stage, showed a different pattern of impairment between eras. Our current study delineates these three eras and reflects antiretroviral prescribing practices in our clinical context. Our finding is consistent with the current thinking that latent virus, which is established when infected monocytes and lymphocytes cross the blood brain barrier, activates ongoing systemic inflammation ([@R10]). Subsequently, the unique immunological compartment of the CNS shapes host--virus interaction, leading to a differential response to treatment, distinct from the peripheral circulation. This understanding provided a plausible explanation for viremia in cerebrospinal fluid in the context of otherwise suppressive cART ([@R33]) and led to the development of the antiretroviral CPE ranking scale to guide the selection of regimens protective of the brain ([@R23]). The guidelines for starting cART in the late 1990s recommended delaying treatment until the CD4+ T cell count fell to 200 mm^3^/L; therefore, it is likely that our participants would have established latency in the CNS, which drove systemic inflammation. Furthermore, the recommended first-line regimens at the time included the lowly CPE-ranked nelfinavir and saquinavir, with a backbone of stavudine and didanosine or lamivudine, nucleosides having a neuropenetrance capacity inferior to that of zidovudine and abacavir ([@R23]). In contrast, those participants who had received monotherapy before the introduction of cART, and earlier in their disease trajectory, may have benefited from the strong neuroprotective effect of zidovudine.

In addition to prolonged CNS exposure to virus, suboptimal adherence to early cART may also have contributed to the development of NCI ([@R6]). Early combination drug regimens were tissue toxic, particularly affecting mitochondria and metabolic pathways ([@R20]), with frequent and multiple adverse side effects, especially gastrointestinal ([@R26]). Our observational study in 2002 ([@R18]) showed that more than 50% of patients reported missed doses in the month prior to their appointment, but by 2008, only 18% of patients in the same cohort reported less than 100% adherence. An alternative explanation is that neurotoxicity was induced by antiretrovirals used in that era ([@R5]; [@R35]). This theory arose because studies, *in vitro*, showed that intracellular accumulation of toxic proteins arising from proteosome dysfunction, and caused by protease inhibitors, could be a mechanism for cell damage. Equally, it was thought that efavirenz may be neurotoxic, but studies are conflicting ([@R5]; [@R22]).

Limitations {#s3-1}
-----------

Firstly, the patient cohort was relatively small and, therefore, may have lacked power to detect associations with T cell measures, and the ability to assess categorical associations of NCI with cardiovascular diseases, metabolic disorders, and history of substance use, as observed by others. However, our observations were able to confirm the findings seen in larger studies in other contexts. Secondly, although our study did not include an HIV-negative control group, our data are enriched by the comprehensive clinical and treatment histories of the participants and continued follow-up over time, which will benefit individual patients and inform future cohort studies. Thirdly, not all participants contributed longitudinal data, and the 16-month study period was too short to assess the stability of the neurocognitive status or the trajectory of any decline in relation to age. Lastly, information on family history of dementia and other risk markers was lacking.

Conclusions {#s4}
===========

Our study points to the MoCA as a useful screen for detecting early NCI and has found it to be largely unaffected by associated depression or anxiety, whereas reliance on the self-reported CCQ alone appears an inadequate strategy. Addressing psychological distress is a key component of HIV management, and clarifying the potential contribution of depression/anxiety, common in people living with HIV, is necessary when assessing neurocognitive function. Of concern for many patients, is uncertainty about the future and aging in the context of HIV infection. We suggest the MoCA be administered with the DASS to discriminate impaired neurocognitive functioning from mood disorders and identify patients who may require further psychological assessment and/or specialist referral. These screening tools are simple and quick to administer in a practice setting, and the immediacy of the feedback may serve to either validate or alleviate patient concerns. Furthermore, this can provide nurses with an opportunity to engage patients in a discussion of lifestyle interventions such as exercise and social engagement. Finally, based on our findings, we recommend monitoring HRQL on a regular basis to complement the MoCA and the DASS and to reveal early cues that something is amiss. This holistic approach is feasible in a community practice setting.Key ConsiderationsDespite effective treatment, NCI is affecting relatively young individuals, especially those exposed during the early years of cART.Nurses can implement simple, reliable, and valid tools in their practices to recognize early neurological deficits that may impact HRQL and medication adherence.Assessment of NCI is confounded by complex social and psychological dimensions of living with HIV infection; therefore, self-reported cognitive concerns are inadequate as an assessment of NCI.The MoCA is largely unaffected by mood but can be administered contemporaneously with the DASS to address and differentiate impaired neurocognitive functioning from mood disorders as well as support clinical decision-making.Monitoring of HRQL on a regular basis, to complement the MoCA and the DASS, can reveal early cues that something is amiss. Nurses are well placed to observe these cues.
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